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ABSTRACT
Research was conducted to determine: a) the interrelationship 
of agitation, release of phospholipids from the fat globule membrane, 
and the hydrolysis of milk fat by the enzyme lipase in milk produced 
during various stages of lactation, and b) the distribution of types 
of phospholipids, and the component fatty acids in the phospholipids 
displaced by agitation.
Mixed milk of six similar holstein cows, during early, mid, and 
late stage of lactation, was subjected to agitation in a Waring 
Blendor at a powerstat setting of 35 for 0, 15, 30, 60, and 120 
seconds, respectively. Initially, and after 48 hours of storage 
(4°C.) acid degree values (ADVs) were determined in milk of each 
agitation level. Cream and skimmilk fractions were obtained by 
centrifuging each of the five samples at 7000 r.p.m. (6000 x g) 
for 10 minutes. Total phospholipids in milk, and cream and skimmilk 
fractions were determined and reported as total phospholipids, and 
percent phospholipids in lipids of each fraction. The distribution 
of different classes of phospholipids in cream and skimmilk of non- 
agitated and agitated milk was revealed by thin-layer chromatography 
(TLC). Gas chromatographic analyses were made to determine the fatty 
acid composition of milk, cream, and skimmilk phospholipids.
Results indicated a significant (P<C.05) negative correlation 
between ADVs and percent phospholipids in lipids of skimmilk as well 
as a highly significant (P<1.01) positive correlation between ADVs
and lipid material in skimmilk with increases in agitation at both 
0 and 48 hours of storage. It was questionable whether agitation 
caused release of phospholipids per se. Agitation probably caused 
division of tat globules which resulted in very small fat globules 
that carried some phospholipids into skimmilk. The division of fat 
globules was noted by the increase in lipid material in the skimmilk, 
and a highly significant (P<C.01) decline in the percent phospholipids 
in the lipids of skimmilk. The microscopic examination of the fat 
globules also indicated the division or reduction in fat globule size.
A highly significant (P<.01) increase in ADVs with increased 
agitation was due to some unprotected surface on the fat globules, 
caused by agitation, which facilitated the attack of lipase on the 
substrate fat.
The minimum level of agitation which caused a highly significant 
(PC.01) increase in lipase activity was 60 seconds in the early and 
mid-stage of lactation, and 30 seconds in the late stage of lactation.
Total phospholipids in milk remained almost at the same level in 
the early and mid-stage of lactation, and then increased signifi­
cantly (P<C.01) in the late stage of lactation. ADVs significantly 
(P<C.01) increased towards the late stage of lactation. ADVs and 
total phospholipids in milk showed non-significant positive correlation.
Since about 607o of the total phospholipids were apparently 
firmly attached to the fat globules, it suggested the presence of 
strongly surface active protein layer on the fat globules to which 
these phospholipids remained attached.
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The classes of phospholipids revealed by thin-layer chroma­
tography showed a uniform distribution of each class in cream and 
skimmilk of non-agitated and agitated milk. The classes of 
phospholipids and fatty acids in phospholipids suggested the 
lecithin to be more concentrated in the milk fat, and involved in 
the movement from cream to skimmilk in agitated milk.
Among the three major fatty acids, C-^ g, C-^ g, and C-^ g.-^  in 
phospholipids, C^g was highest in the early stage of lactation and 
lowest in the mid-stage of lactation. C^g gradually increased as 
stage of lactation advanced. C^g.^ was highest in the mid-stage of 
lactation and lowest in the early stage of lactation. The three 
major fatty acids, C^g, C^g, and C-j^ g. j. on t i^e average constituted 
for 25.85%, 14.16%, and 32.60%, respectively.
viii
INTRODUCTION
Milk has achieved its position in the American diet primarily 
on the basis of its pleasing flavor. The presence of undesirable 
flavors such as rancidity has caused milk to be rejected in market 
channels with a subsequent monitary loss to the dairy industry.
This flavor in milk is caused by the hydrolysis of milk fat catalyzed 
by the enzyme lipase. The liberated free fatty acids, especially 
the volatile and water soluble short chain acids are primarily re­
sponsible for the flavor and characteristic odor of rancid milk 
(37, 38, 50, 57, 103).
Although milk naturally contains lipase enzyme, it does not
normally become rancid until the enzyme is activated or the sub­
strate becomes available to the enzyme (37, 51). Agitation has been 
well known as an activation of the reaction (15, 17, 24, 63, 122).
How this treatment accelerates lipase activity has not been clearly 
established. However, since the lipase action probably proceeds at
the interface of the aqueous phase and the fat phase, alternation of
the globule membrane resulting in contact between substrate and 
enzyme would appear to be part of the mechanics of the reaction.
Palmer and Samuelsson (90) and Thompson et al_. (119) have 
identified phospholipids as one of the principal components of the 
fat globule membrane. According to Sommer (112) the phospholipids 
combines with protein through polar bonds and orient on the surface 
of the fat globules. Greenbank and Pallansch (27) and Radema (100)
2have reported phospholipids to be displaced from the fat globule 
surface due to various processing treatments such as agitation, 
homogenization and pasteurization. Previously, other workers 
(24, 122) in this laboratory have found total phospholipids, and 
the displacement of phospholipids due to agitation to be related 
to an increase in acid degree values (ADVs).
The objectives of this research were: a) to determine the 
interrelationship of agitation, release of phospholipids from the 
fat globule membrane, and the hydrolysis of milk fat by the 
enzyme lipase in milk produced during various stages of lactation, 
b) to determine the distribution of types of phospholipids, and 
the component fatty acids in the phospholipids displaced by 
agitation.
REVIEW OF LITERATURE
A. Lipase
It has been well established by Herrington (37) and others 
(11, 51) that raw milk contains the enzyme lipase which catalyzes 
the hydrolysis of fat. The liberated fatty acids, especially short 
chain acids cause rancid flavors (38, 50, 103). Lipase has been 
differenciated from other esterases with the fact that lipase 
hydrolyzes only esters of fatty acids and glycerols (18, 51, 103).
Though lipase is native to milk it is also found as a metabolic 
product of certain bacteria (37, 51, 78, 79, 83). Hammer and Babel 
(28) have reported the following common organisms as exhibiting 
lipolytic activity in milk: Pseudomonas fragi, Pseudomonas fluorescens, 
Achromobacter lipolyticum, Candida lipolytica, Geotrichum candidum, 
and Penicillium roqueforti. However, this bacterial lipolytic 
activity resulting from bacterial growth can be controlled by good 
sanitation and proper refrigeration temperatures during storage in 
contrast to the native enzyme which may be activated by agitation. 
Reports comparing natural milk lipases and bacterial lipases were 
not found in the literature reviewed.
Lipase being a protein would suggest that in some way it could 
be associated with other proteins and in that respect Dorner and 
Widmer (19, 20) and others (30, 105) have found it to be associated 
with casein. Skean and Overcast (105) in an attempt to clarify the
3
4situation found the casein from H^S-treated skimmilk separated by 
centrifugation at 50,000 r.p.m. to have possessed almost twice the 
lipase activity of the casein separated by acidification with 10% 
lactic acid. These same workers further demonstrated that only 
casein possessed lipase activity. Patton (93) working with a some­
what different idea suggested casein per se contained the lipase 
activity. However, Nelson and Jezeski (85) have found milk lipase 
to be more contentrated in separator slime as compared to other 
sources. Recently, Chandan and Shahani (9) used milk classifier slime 
as a concentrated source for isolation of the lipase enzyme. Herrington 
and Krukovsky (40), on the basis of the inhibition of lipase activity 
by formalin, have suggested that milk contained at least two 
lipase systems, one formalin sensitive, and the other formalin 
tolerant. Tarassuk and Frankel (116) in later work have also re­
ported two lipase systems, one a naturally active lipase or fat 
membrane lipase, and the other a "lipase of normal milk" or plasma 
lipase. They suggested that the membrane lipase was irreversibly 
absorbed on the fat globule when freshly drawn milk was cooled, and 
therefore was associated with spontaneous rancidity. They further 
suggested that the plasma lipase remained in the plasma and was 
associated with casein until absorbed onto the fat globule by 
activation treatments such as homogenization which facilitated the 
release of lipase from the casein micelle. Harper et al. (30) in 
similar experiments reported two protein fractions with lipase 
activity with optimum at pH 7 and 8.6; however, the exact nature of 
the fractions were not described.
5In a very detailed study by Chandan and Shahani (9, 11) lipase 
purified by electrophoresis and ultracentrifuge techniques was shown 
to be essentially homogeneous. The purified enzyme was found to 
contain 49.63% carbon, 7.51% hydrogen, 14.33%, nitrogen, 1.04%, sulfur, 
and 0.26%, phosphorus. The molecular weight of the purified enzyme 
was determined by the sedimentation velocity and osmotic pressure 
methods and was found to be approximately 7000 with a single pH 
optimum of 9.2 at a temperature of 37°C.
Another and apparently different lipase in milk called 
lipoprotein lipase has been reported by Quigley and Associates (99). 
It was found to be specific for lipoproteins. Since rancid flavor 
has been noted to be closely related with the amount of free fatty 
acids in milk the products of this lipoprotein reaction would 
probably not materially influence flavor.
1. Estimation of Lipase Activity
Neilson (84) has suggested surface tension, organosleptic 
techniques, and acid degree values as three major methods for 
measuring lipase activity. Other early methods included that of 
direct titration of the entire milk system before and after incu­
bation. This method determined total acidity in milk which included 
acidity contributed by lactic acid and certain salts. In efforts 
to increase sensitivity, Johnson and Gould (52) and Gould (26) 
developed another method in which milk was first churned to produce 
butter after which the butter was titrated to determine free fatty 
acids. With this method, most of the water-soluble acids were lost.
6A third method developed by Johnson and Gould (52) involved the 
extraction of fat using ethyl ether, and Skellysolve "F" as solvents. 
Fat separated in this manner showed approximately 30% more free 
fatty acids than fat obtained by churning.
Thomas et_ al_. (118) and Harper (31) have further improved the 
techniques of measuring free fatty acids and have described methods 
to determine acid degree value (ADV). ADV was defined as the 
quantity of normal alkali required to titrate the free fatty acids 
in 100 g fat. The Thomas method is an extraction-titration method 
in which the fat recovered by using a surface-active emulsion 
breaker, whereas, the Harper method is based on the extraction of 
free fatty acids from whole milk by using silicic acid columns.
With the Thomas method, the ADVs of normal milk ranged from about
0.2 to 0.6 and most milk tasted rancid at 1.5 while with the Harper 
method the range in ADVs was about 0.6 to 0.8 with a flavor threshold 
about 2.0.
According to Jensen (51) all milks will be lipolyzed to some 
extent by the time they arrive at the plant. Therefore, the 
function of the above tests have been to identify batches of milk 
which have abnormally high ADVs and thus help locate the source of 
the problem. The Thomas test has been widely used in milk plants 
for these purposes due to simplicity and rapidity of obtaining results. 
2• Factors Affecting the Lipase Activity
It has been shown that lipase was less active in freshly drawn 
milk than in milk after handling and storage (37, 51). Activation
7treatments which have been found to accelerate the lipase activity 
are homogenization, agitation (63) and temperature manipulations (61).
Tarassuk and Frankel (116) observed that two different lipase 
systems of milk-membrane lipase and plasma lipase responded to 
different activation treatments for the formation of the enzyme- 
substrate complex. The membrane lipase responsible for spontaneous 
lipolysis required cooling for activation while the plasma lipase 
responsible for induced lipolysis required homogenization, agitation 
or temperature manipulation for activation.
It has been reported by Hlynka et al_. (45) and Krukovsky and 
Sharp (63) that homogenization and most forms of mechanical agita­
tion were alike in that they accomplished activation by increasing 
the surface of the substrate available to the enzyme. Herrington 
(37) reported that agitation in the presence of air was more effective 
in activation than agitation in the absence of air. According to 
Tarassuk and Frankel (115) the formation of foam due to air agita­
tion was an important feature of the mechanism involved in 
activation of lipolysis. They theorized that foam provided optimum 
conditions for the reaction by (a) increasing the air-liquid inter­
face area, (b) concentrating the enzyme at this interface, (c) 
activating the substrate by surface denaturation of the fat globule, 
and (d) causing intimate contact of the enzyme and the substrate. 
Krukovsky and Sharp (63) stated that the amount of lipolysis by 
shaking, had little or no relation to a cow's breed, milk production 
or to the season of the year. He further stated that the extent of
the reaction was due to an alternation in the surface character of
the fat globules. This added support to the work reported earlier.
Herrington (37) reported that the fundamentals involved in 
inducing activity by temperature manipulation were quite different 
from those involved in activation by homogenization and agitation.
This was reported by Krukovsky and Herrington (61) to be manifested 
by the fact that lipase activity in milk was activated by cooling 
(to 5°C. or lower), warming (to 30°C.) and cooling (to below 10°C.). 
Johnson and Von Gunten (53) noted that rapid cooling of herd milk 
gave higher acid degree values than did slow cooling. While they 
gave no explanation for their findings, the rapid cooling phenomena 
would be in agreement with earlier work of Tarassuk and Frankel (116) .
Several hypotheses have been advanced to explain the peculiar 
effect of cooling, warming, and cooling. Krukovsky and Sharp (64) 
suggested that the activation of lipase activity by temperature 
changes was dependent upon the degree of solidification of the fat 
and upon conditions at the fat-serum interface. The study of 
Tarassuk and Richardson (117) in support of the above report indi­
cated that the increase in lipase activity by temperature 
fluctuations was related to the permeability of the fat globule 
membrane to the enzyme.
3. Inactivation of Lipase
Lipase has been inactivated by various treatments including 
heat, acids, alkali, and light (23, 89). The inactivating effect 
of heat upon milk lipase has been rather intensively studied.
9Dormer and Widmer (20), as reviewed by Chandan and Shahani (11), 
found that the lipase in raw homogenized milk was inactivated by 
heating the milk to 55°C. for 20 minutes. Hedrick and Tracy (42) 
systematically studied the effect of heat upon lipase and observed 
a semi-log relationship between the temperature of holding and the 
time required for the inactivation of the lipase. Frankel and 
Tarassuk (23) have reported that heat inactivation of milk lipases 
followed by a first order reaction of enzyme and sjbstrate.
Lipase has been found by Kay (54) and Stadhouders and Mulder 
(113) to be very sensitive to light exposure. On this point,
Frankel and Tarassuk (23) exposed a layer of raw skimmilk one cent- 
meter thick to direct sunlight at room temperature and noted a loss 
in lipase activity of 84% in 5 minutes, and 96% after 10 minutes.
The enzymes however were markedly protected against light inactiva­
tion in the presence of fat. Other fractions such as gamma 
irradiation (11), aging (22, 23), and chemicals (16, 23, 65) have 
been reported to reduce or inactivate the lipase activity. Forster 
et al. (22) observed that the destruction of the enzyme during 
storage could be eliminated by deaeration. The presence of dissolved 
oxygen, particularly in the presence of copper and other heavy metals 
has been found by Frankel and Tarassuk (23) to cause the oxidation of 
the enzyme. In addition, Gholson e_t cfL. (25) reported oxidized milk 
had lower ADVs than milk which was not oxidized.
B • Fat Globule Membrane
It is well known that fat in milk exists in the form of a 
fat-in-water emulsion of tiny globules, up to 8m diameter, dis­
persed in milk plasma (50, 73). Most of these fat globules, found 
in normal unagitated cow's milk, have been reported (8) as generally 
smaller than four microns; however, the size and distribution was 
found to vary with breed and stage of lactation. It has been well 
established that Jersey and Guernsey breeds produce, on the average, 
fat globules that are distinctly larger than those produced by the 
Ayrshire and Holstein. It has further been well established that as 
the lactation period advances the fat globules become relatively 
smaller and more numerous, except for a short period during the 
early months when the reverse relationship has appeared.
Certain treatments, for example, homogenization as reported by 
Webb and Johnson (124) have resulted in many small subdivisions of 
the original fat globule. Theoretically, this was achieved by a 
combination of contributing factors, namely: shearing, impingement, 
distention, and cavitation. The net result reduced the fat 
globules to about one micron in diameter increasing four-to-six-fold 
the fat plasma interfacial surface area. On this point, Brunner 
et al. (7) reported the character of the membrane protein of milk to 
be changed by homogenization with protein being absorbed on the fat 
surface.
The original fat globules have been reported by Jenness and 
Patton (50) to be stabilized by a thin "membrane" absorbed on the fat
11
globules, and in turn, partly bound to protein. Palmer and 
Samuelsson (90) reported phospholipids as one of the principal 
components of the fat globule membrane. Sommer (112) has suggested 
that the phospholipids were deposited in a strictly random fashion 
on the growing globules with the phospholipid molecules, having 
both nonpolar and strongly polar groups, oriented on the surface of 
the fat globules with their polar groups in the aqueous phase. He 
further suggested that the proteins of the adjoining plasma were 
then oriented to the polar groups of phospholipids.
Palmer and Weise (91) subsequently identified lecithin, 
cephalin and sphingomyelin-like phospholipids in milk and concluded 
that the specific emulsion stabilizing agent of cow's milk was a 
protein-phospholipid complex involving all of the above types of 
phospholipids. They also observed a high melting glycerides (i.e. 
ethanol insoluble fraction) which constituted about 50% of the lipid 
moiety of the membrane material. The complete analysis as given by 
Thompson et^  al^ (120) of the lipid fraction of the fat globule 
membrane is presented in Table 1.
Several investigators (58, 120, 126) have found that the lipid 
phase extracted from skimmilk contained a higher concentration of 
cholesterol, carotenoids, and Vitamin A than the fat extracted from 
normal milk. Because of the relatively high surface to volume ratio 
of the small fat globules in skimmilk, Kon £t cd. (58) and White 
et al. (126) have suggested that fat soluble compounds were- prefer­
entially concentrated in the surface layers of the fat globule
Table 1. Composition of the lipid fraction of the fat globule membrane.3
Sample No. lb Sample 1
oc
m;o1^
Components
Percent of 
Membrane 
Lipids
Percent of 
Whole 
Membrane
Percent of 
Membrane 
Lipids
Percent of 
Whole 
Membrane
Carotenoids 0.45 0.30 - -
Squalene 0.61 0.40 - -
Cholesterol esters 0.79 0.54 0.63 0.27
Triglycerides 53.41 36.12 49.98 21.88
Free fatty acids plus 
other triglycerides 6.30 4.26 - -
Cholesterol 5.17 3.50 3.64 1.59
Diglycerides 8.14 5.49 10.58 4.63
Monoglycerides 4.66 3.14 6.45 2.82
Phospholipids 20.35 13.76 28.72 12.57
Totals 99.88 67.51 100.00 43.76
Reference (120)
^Isolated from a pooled milk source, previously cooled. Membrane preparation contained 32.5% 
protein.
cIsolated from freshly drawn, warm milk. Washed-cream "buttermilk" was washed with ethanol prior 
to fractionation. Membrane preparation contained 56.2% protein.
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rather than uniformly distributed throughout the fat phase.
King (56), in his monograph on the subject, has depicted the 
membrane structure as a surface layer of polar phospholipids and 
other less polar lipids such as cholesterol, Vitamin A, etc., which, 
in association with molecules of high melting triglycerides, extended 
into the peripheral area of the fat globules. Attached to the polar 
ends of the phospholipids, he envisioned a closely oriented layer 
of protein which seemed to extend into plasma to an extent dependent 
upon the residual electrostatic charge on the protein layer.
Phospholipids in milk have been reported by Mulder et al_. (81) 
to be present in hydrated form and insoluble in fat. They further 
noted that since no phospholipids have been found to be actually 
dissolved in the fat globule, the phospholipids belonging to the 
fat globules must be present by polar orientation on the surface 
layers of these globules.
Morton (80), after his isolation of milk microsomes from washed 
cream buttermilk, postulated that milk microsomes were absorbed to 
a protein-layer surrounding the fat globule. He suggested that the 
absorbed microsomal lipoprotein could account for the phospholipids 
known to be constituents of the surface material. However, there 
were no data to characterize the continuous protein membrane to 
which, reputedly the microsomer were absorbed. Greenbank and 
Pallansch (27) reported that the fat globule surface may be coated 
with a highly surface active protein onto which lipoprotein parti- 
—  cles were absorbed, much as was proposed by Morton (80). However,
14
they suggested that at this stage of our knowledge it seems unwise 
to assume that the fat globule membrane is composed of microsomes 
per se, or that they represent the total phospholipid moiety.
A study by Hayashi and his associates (35) showed the water- 
soluble lipoprotein particles which accounted for 45%, of the total 
weight of the membrane, were released from the intack fat globules 
by sodium deoxycholate. These lipoproteins contained lipids and 
proteins in approximately equal amounts, with 76% of the lipids 
being accounted for as phospholipids. When churning was used by 
these workers to release lipoproteins, it was found that phospho­
lipids represented only 34% of the lipid fraction in contrast to 
76% mentioned above. In these same studies, xanthine exidase and 
alkaline phosphatase activities were also present in water-soluble 
lipoproteins. In a summary of their work, Hayashi et a]L. (35) con­
cluded that the membrane of the milk fat globule consisted of water- 
soluble lipoprotein and a water-insoluble matrix composed of lipids 
and proteins.
Harwalker and Brunner (34) employed bond-specific dissociating 
agents to achieve various degrees of dissociation within the lipid- 
protein and the protein fractions of globule membrane. Molecular 
weights for the smallest components dissociated from the soluble and 
insoluble protein fractions were 20,000 and 50,000, respectively.
The results indicated that hydrophobic and covalent disulfide bond­
ing were significant forces contributing to the microstructures of 
the globule membrane complex.
15
C . Phospholipids
Phospholipids, known for many years (12, 41, 47, 48, 91), are 
similar to triglycerides except that one molecule of fatty acid has 
been replaced by phosphoric acid combined with a nitrogen base, most 
commonly choline, ethano1amine, or sphingosine (50, 121, 125, 127).
The major phospholipids which have been found in milk are lecithin 
containing choline as its nitrogen base, cephalin containing ethan- 
olamine or serine as its nitrogen base, and sphingomyelin containing
sphingosine as its nitrogen base (50, 59, 73, 102, 108):
H0-CH2-CH2-Nf(CH3)3 Choline
HO-CH2 -CH2 -NH2 Ethanolamine
HO-CH2 -CH-COOH Serine 
NH2
CH3-(CH2)12"ch = CH-CH-CH-CH20H Sphingosine
OH NH2
Mattson (73) reported that of the total phospholipids in milk, 
lecithin accounted for 28-33%, cephalin for 35-45%, and sphingomyelin 
for 19-34%,. Rawat (101) reported slightly different amounts in that 
he found the ratio of lecithin: cephalin: sphingomyelin in cows' milk 
to be 48:40:12, respectively. However, this may have represented pos­
sible variations in different milk produced under different conditions.
Several investigators (3, 12, 13, 41, 47, 48, 95, 121) have 
made studies of the distribution of phospholipids in milk and milk 
products. A summary of these studies is presented in Table 2.
Considerable variations, as shown in Table 2, have been observed 
in the values of phospholipids found in dairy products. Jenness 
and Patton (50) stated that this could be expected since the
Table 2. Phospholipid content of some dairy products as reported from various sourceso
References
Whole
Milk Skimmilk Cream Buttermilk Butter
Separated
Slime
Milk
Fat
Chapman (12) 0.709 0.029 0.2155 0.148 - - -
Hess and Helman (41) 0.1819 0.1072 0.2668 - - - -
Holm et al. (48) 0.152 0.137 0.224 0.284 0.224 0.504 -
Perlman (95) 0.153 - - - - - -
Crane and Horrall (13) 0.03-.051 - - - - - -
Mohr and Moss (77) 0.2889 0.150 0.334 0.877 - - 0-1.73
aReported as % phospholipids in lipids of various fractions„
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phospholipids exist in complex with protein which must be broken in 
order that organic solvents can recover the phospholipids. However, 
Patton and his co-workers (94) later noted that there is a uniform 
distribution of types of phospholipids in cream, skimmilk, and 
buttermilk. They have also reported that when milk was centri- 
fugally separated, approximately one-third of the phospholipids 
was found in the skimmilk and the other two-thirds was with the 
cream. Rawat (101) found that the partition of milk phospholipids 
between cream and separated milk was affected by aging and agitation 
of milk prior to separation. The partition of phospholipids of 
cream between butter-and buttermilk was further affected by the
acidity of the cream and the washing of butter. The method of
clarification of butter into ghee affected the phospholipids of ghee, 
and storage of both butter and ghee generally resulted in a decrease 
in the phospholipids.
1. Methods of Isolation, and Estimation of Phospholipids
Most of the methods for determining phospholipids in milk and
milk products have involved recovery of phosphorus from lipids by 
extraction with organic solvent (3, 32, 33, 49, 128). The phos­
phorus in the wet-or dry-ashed fat sample have been determined 
colorimetrically as a blue phosphomolybdate complex. Since the 
phosphorus content of the phospholipids has been found to be about 
4 percent, most of the investigators have multiplied the lipid 
phosphorus content by a value of 25 to obtain total phospholipids.
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Bloor's (5) procedure for the extraction of phospholipids 
from blood was one of the earliest method which was applied to 
milk by Hess and Helman (41) . In this method, milk was treated 
with eight volumes of ethanol-ether (3:1), which served to extract 
lipids whose phosphorus was then determined. Holm et al. (48) 
later pointed out that alcohol and ether in combination extracted 
from milk not only phospholipids but also inorganic phosphates 
which lead to erroneously high results.
Several investigators (14, 27, 32, 47, 75, 96) have employed 
the Mojonnier modification of Roese-Gottlieb procedure, which 
involves three extractions in place of two for extraction of 
phospholipids together with the other lipids. The phosphorus is 
then determined as a color complex. McDowell (75) studied five 
different methods and concluded that this Mojonnier modification of 
the Roese-Gottlieb method was preferrable because it was rapid, 
simple and did not extract inorganic phosphorus.
Smith and Jack (109), and Borgstram (6) have separated phospho­
lipids from other lipids by using acetone precipitation technique. 
However, this method has not been well accepted since some of the 
phospholipids were lost due to their being soluble in acetone (6).
Duthie and Patton (21) subsequently developed a new method 
in which the whole milk sample, compounded with silicic acid, was 
placed in a glass chromatographic column followed by elution of 
the entire phospholipid fraction with 20% (V/V) formie acid in 
ethyl ether. This method was found to recover about 12% more
lipid phosphorus than the modified Mojonnier method. When these 
same workers used 1.5% Nacl in the modified Mojonnier method, they 
extracted about the same quantity of phospholipids as was obtained 
by the silicic acid column. The extraction of an additional 10-15% 
phospholipids was previously reported by Walstra and De Graaf (123) 
when they added 1.5% Nacl to a sample of milk, cream, buttermilk, 
etc. before Roese-Gottlieb extraction. Duthie and Patton (21) con­
cluded that the silicic acid column method was not preferable from 
a practical standpoint since it was more time consuming and 
expensive than the modified Mojonnier method with added Nacl.
Various methods of fractionating phospholipids have been 
developed (3, 50, 75, 92, 102). Smith and Freeman (108), Rhodes 
and Lea (102), and others (44, 119) have fractionated and esti­
mated individual phospholipids very successfully by use of column 
chromatography.
Patton et: al_. (94) , Parker and Peterson (92) , and other 
workers (106, 107) have also reported the identification and esti­
mation of each class of phospholipids by thin-layer chromatography 
(TLC) . Patton e_t al_. (94) spotted lipid material on glass plates 
with 250 u thick silica gel G layer, and developed the plates in 
the solvent system composed of chloroform-methanol-water (70:22:3) 
for 30-60 minutes. When the plates were sprayed by a chromic acid 
reagent and heated the dark spots indicating different classes of 
phospholipids were observed. Parker and Peterson (92) reported
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that when the individual spots were scrapped off the plates the 
phosphorus as well as the amount of each phospholipid could be 
estimated.
2. Determination of Phosphorus in Lipids
Kuttner and Cohen (6 8) have reported a method in which the 
lipid material was ashed in Vycor evaporating dishes at 550°C. to 
liberate the phosphorus. The phosphorus was then estimated 
from a blue phosphomolydate complex by use of a spectrophoto­
meter using the method as described by King (55) . Another method 
to estimate the lipid phosphorus has been developed by Harris 
and Popat (33) in which the lipid material was digested with 
perchloric acid to liberate the phosphorus. The phosphorus was 
then estimated as blue phosphomolybdate complex by the method 
reported by Harris and Popat (33) . Smith £t al_. (Ill) reported the 
perchloric acid digestion technique to be a rapid and reproducible 
method.
3. Factors Related to the Phospholipids Content of Milk
Baliga and Basu (4) in a study on the effects of stage of 
lactation found that the phospholipid content of milk was more or 
less steady until the fifth or sixth month after which the level 
increased steadily until the end of the lactation. These final 
values approached those obtained during the colostrum period, which 
were about 40-50 mg. phospholipids per 100 ml of milk. The ratio 
of lecithin, cephalin, and sphingomyelin of milk remained practically 
constant during the entire lactation in cows as well as in buffaloes.
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The lowest value of total phospholipids, about 20 mg per 100 ml of 
milk was reached during the second or third month.
Baliga and Basu (4) as well as other workers (14, 101) have 
reported no marked breed differences in milk phospholipid levels. 
Rawat (101) has also reported that cows on a ration of green fodder 
produced milk with a lower-level of phospholipids than cows on a 
fodder ration.
Baliga and Basu (4) noted seasonal variations in the phos­
pholipids content of milk and reported that the total phospholipids 
in milk was highest during November to January. Between January and 
April the values were at a rather low level followed by a slow in­
crease until August at which time the level was about the same as 
during November to January. In September there was again a slight 
decline followed by an increase until November. Holden et al_. (46) 
and Rawat (101) have also reported significant variations in the 
phospholipids content of milk with season. They characterized the 
seasonal variations by high phospholipid levels in winter and low 
levels in summer.
4. Fatty Acids in Milk Phospholipids
Kurtz and others (6 6 , 67) were the first to study the fatty 
acid composition of milk phospholipids. These workers reported 
that no low molecular weight fatty acids were present in milk 
phospholipids. In more recent works, Bading (2) and Mattson (74) 
have reported that fatty acids with less than 12 carbon atoms were 
not present in milk phospholipids. These results were in agreement
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with those of Smith and Lowry (110) except these workers reported 
a C^q acid had been found in trace amounts.
Patton and his co-workers (94) determined the fatty acids of 
phospholipids from cream, skimmilk and buttermilk, and found similar 
fatty acid composition in all fractions. A summary indicating the 
major fatty acids in phospholipids of whole milk, cream, skimmilk 
and buttermilk, as reported by Patton et al_. (94) and Bading (2), 
are given in Table 3.
Bading (2) has further reported on the fatty acid composition 
of the fractionated phospholipids and according to his results the 
major fatty acid constituents of lecithin were oleic acid (35.9%), 
palmitic acid (30.2%), and stearic acid (11.6%). The cephalin 
fraction contained mainly oleic acid (48.0%) and stearic acid 
(19.1%). The sphingomyelin fraction contained the saturated 
fatty acids C2 2 » C23 and C24 (30%). Smith and Jack (109) have 
concluded that phospholipids contained large amounts of 
polyunsaturated fatty acids and in agreement with previous workers 
only negligible amounts of short chain acids when compared with 
milk triglycerides.
Fatty acid determinations by gas chromatography followed by 
the isolation of phospholipids by column chromotography have been 
the most common techniques employed (2, 74, 109, 110). However, 
another technique by Parker and Peterson (92) has been developed in 
which the phospholipids were separated from the other lipid material 
by thin-layer chromotography. The spots of the phospholipids on
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Table 3. Major fatty acids in the phospholipids of whole milk, cream, 
skimmilk, and buttermilk.
Fatty
Acid
Whole
Milk3 Cream*3 Skimmilk*3 Buttermilk*3
Cl 2 0.5 0.6 1.3 0.5
c14 3.7 4.4 5 .1 3.3
c 16 15.9 23.3 22.6 18.3
c16:l 1.2 2.6 2.5 2.1
c18 16.3 11.1 11.7 —  9.3
c18:1 40.3 36.5 33.1 41.5
c18:2 6.1 7.4 8.1 8.6
C18: 3 1.5 1.2 0.6 1.1
c22 1.8 ,3.9 4.2 4.7
C23 1.7 5.1 6.8 5.6
c24 1.1 2.8 2.9 3.8
aExpressed in molar %. Reference (2).
^Expressed as percentage of total peak areas from gas chromotogram of 
the methyl esters. Reference (94).
silica gel plates were scraped directly into 20 ml reflux tubes, 
followed by a normal methylation procedure. They have reported 
96-100 percent recovery from the plates and in less time than 
when column chromotography was used.
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EXPERIMENTAL METHODS
Milk samples for these experiments, conducted between October, 
1965 and April, 1966, were from six similar holstein cows selected 
from the Louisiana State University milking herd. The selection of 
the six cows, in their first lactation, was based upon the fact the 
milk to be used in this research should be free from any kind of 
udder disorders. All six cows had gone through about two months in 
their lactation periods.
A. Preparation of Milk Samples 
Milk samples were collected once weekly from the evening 
milking from each of the six cows over a period of four weeks during 
the first one-third, middle one-third, and the last one-third of 
their lactation periods. The six uncooled samples were immediately 
taken to the laboratory, blended, and subdivided into portions with 
treatments as follows:
Portion 1. 700 ml - no agitation
Sub-portion (a) 350 ml for initial ADVs and phospholipids
content in milk, cream, and skimmilk
Sub-portion (b) 350 ml stored at about 4°C. for 48 hours
and then same as in 1 (a).
Portion 2. 700 ml - 15 seconds agitation in a Waring Blendor
at a powerstat setting of 35 
Sub-portion (a) 350 ml for initial ADVs and phospholipids
content in cream and skimmilk
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Sub-portion (b) 350 ml stored at about 4°C. for 48 hours
and then as in 2 (a).
Portion 3. 700 ml - 30 seconds agitation as in 2
Sub-portion (a) 350 ml as in 2(a)
Sub-portion (b) 350 ml as in 2(b)
Portion 4. 700 ml - 60 seconds agitation as in 2
Sub-portion (a) 350 ml as in 2(a)
Sub-portion (b) 350 ml as in 2(b)
Portion 5. 700 ml - 120 agitation as in 2
Sub-portion (a) 350 ml as in 2(a)
Sub-portion (b) 350 ml as in 2(b)
After determining the total amounts of phospholipids in milk, 
cream, and skimmilk, the remaining extracted lipid material in the 
Portions 1, 2, 3, 4, and 5 was analyzed as follows:
Sample 1. Non-agitated - lipid material from Portion 1.
Sub-sample (i) - lipid material from sub-portion 1(a) 
for determination of distribution of 
types of phospholipids in milk, cream, 
and skimmilk by thin-layer chromatography, 
and for initial determination of fatty 
acids in phospholipids in milk, cream, 
and skimmilk.
Sub-sample (ii)- lipid material from sub-portion 1(b) for 
determination of fatty acids in phospo- 
lipids in milk, cream, and skimmilk after 
48 hours of storage.
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Sample 2. Agitated - mixed lipid material of Portions 2, 3, 4,
and 5.
Sub-sample (i) - mixed lipid material of Sub-portions 2(a), 
3(a)j 4(a), and 5(a), and then same as 
in Sub-sample l(i).
Sub-sample (ii)- mixed lipid material of Sub-portions 2(b), 
3(b), 4(b), and 5(b), and then same as in 
Sub-sample l(ii).
B . Testing Methods
1. Acid Degree Values (ADVs)
ADVs were determined by the method as described by Thomas et: al. 
(118) . Fat was extracted from 35 ml of milk using 10 ml of BDI re­
agent (a mixture of a non-ionic surface-active agent and sodium tetra 
phosphate, "Calgon", in water). The extracted fat was then dissolved 
in petroleum ether and absolute ethanol or N-propanol and titrated 
with 0.0195 N alcoholic potassium hydroxide (KOH) using phenolphtha- 
lein as an indicator. The acid degree value was reported as the 
milliliters of KOH required to neutralize free fatty acids in 100 g 
of fat.
2. Extraction and Determination of Phospholipids
Phospholipid content in milk, cream, and skimmilk was deter­
mined by estimating the lipid phosphorus. To determine total 
phospholipids in milk only the non-agitated (0 second agitation) 
portion of milk was used. To obtain cream and skimmilk fractions,
35 ml of each of the five milk portions were centrifuged in 50 ml
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plastic tubes at 7000 R.P.M. (6000 x g) for 10 minutes at 2° to 3 C. 
The top "film" layer of cream was placed in Mojonnier fat extraction 
flasks for fat extraction. Weights of cream and volumes of skimmilk 
were recorded.
Lipid material was extracted from the whole milk, cream, and 
skimmilk by the Mojonnier modification of Roese-Gottlieb method 
which included the addition of 1 .5% NaCl to the samples prior to 
extraction as recommended by Walstra and DeGraff (123). Three ex­
tractions were made to recover the lipid material including phos­
pholipids from milk, cream, and skimmilk. The differences 
encountered between two and three extractions are shown in Table 4. 
The solvent mixture was evaporated to dryness in the tared fat 
dishes, and the quantity of lipid material was determined in each 
sample.
Lipid phosphorus was estimated by the method as described by 
Harris and Popat (33) with suggestions made by Smith et: al_. (Ill) . 
The lipid material from fat dishes was transferred with petroleum 
ether to a 25 ml volumetric flask and adjusted the volume to the 
mark. An aliquot containing lipids not exceeding 0.1 g was taken 
into a 25 x 150 mm pyrex test tube and evaporated to dryness on 
water bath at 50-60°C. temperature for phosphorus determination.
The remaining lipids in the solvent mixture were dried and stored 
in glass ampules sealed under nitrogen until used to determine the 
distribution of types of phospholipids and fatty acid composition 
of phospholipids.
Table 4. Difference in the extraction of phospholipids by two extractions and three 
extractions using Majonnier modification of the Roese Gottlieb method,,
mg. Phospholipids in 100 cc of Milk
Milk Two Three Percent Increase
Sample Extractions   Extractions in Third Extraction
1 36.375 38.145 4.63
2 36.375 38.145 4.63
3 36.375 38.125 4.60
Average 36.375 38.138 4.62
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The lipid material in each of the test tubes was digested with 
1 ml of perchloric acid (HCIO^) and 2 to 3 drops of concentrated 
nitric acid (HNO3) by heating gently on a microburner until all the 
organic material was completely oxidized. The liberated lipid . 
phosphorus was measured as a blue phosphomolybdate complex using 
Beckman B Spectrophotometer at 500 mu. A standard solution contain­
ing a known quantity of phosphorus was used simultaneously in order 
to be able to calculate the lipid phosphorus. Phospholipids were 
then calculated by multiplying phosphorus values by 25 and were 
reported as milligram phospholipids as well as percent phospholipids 
of fat in each sample. The digestion technique was checked for 
accuracy as shown in Table 5.
3. Distribution of Types of Phospholipids
The distribution of types of phospholipids in whole milk, cream, 
and skimmilk was determined by thin-layer chromotography (TLC) as 
described by Skipski et al_. (107) and Patton et fd. (94) . Thin 
layers of silica gel H (Brinkmann Instruments, Inc., Contiague Rd., 
Westbury, New York) about 250 u thick were formed on 20 x 20 cm 
glass plates by the tecknique of Mangold (72) and 20 mg lipid 
material dissolved in 2:1 chloroform-methanol was spotted on the 
plates. The plates were developed with chloroform-methanol-water 
(70:20:3) for 40 to 60 minutes. Ammonium molybdate-perchloric 
acid reagent (3 g ammonium molybdate dissolved in 50 ml water, 5 ml 
6 N HC1 and 13 ml 70-72% perchloric acid was sprayed on the plates. 
Blue spots indicating the positions of phospholipids were observed
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Table 5. Replicate results of the digestion technique for 
phospholids analysis.
Milk
Sample Percent Phospholipids
No:._____________________________ in Fat_________
1 0.919
2 0.919
3 0.919
4 0.919
5 0.918
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when plates were heated at 80-100°C. for about 10 minutes. The 
identification of types of phospholipids was made primarily by 
comparison with data in the literature (94) as the "so-called" 
standard phospholipids purchased for comparison were found to be 
grossly contaminated with impurities.
4. Fatty Acids in phospholipids
(i) Separation of Phospholipids from the Lipid Material 
Parker and Peterson (92) separated individual phospholipids on 
TLC plates and the methyl esters were prepared directly with silica 
gel. Malins and Mangold (71), and Nichaman £t al_. (86) have ob­
served that TLC does not alter fatty acids, thereby, having them 
in a natural state for gas chromographic analysis.
In our research, since fatty acids had to be determined in the 
total phospholipids, the separation of phospholipids by TLC was 
based upon the principles of column chromatography as described by 
Hirsch and Ahrens (44). Hirsch and Ahrens used silicic acid column 
and eluted neutral lipids with ethyl ether leaving all phospholipids 
absorbed in the column. The whole fraction of phospholipids was 
then eluted with methanol.
On this adsorption principle, the separation of phospholipids 
from neutral lipids was carried out on TLC plates. Layers of silica 
gel H 400-500 u thick were prepared on 20 x 20 cm glass plates.
Lipid material (0.5 to 1.0 g) dissolved in 2:1 chloroform-methanol 
was applied in 1 to 2 cm wide lane as shown in Figure 1. Plates 
were developed with ethyl ether which took all neutral lipids up
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Fig. . Thin-Layer Chromatographic separation of 
total phospholipids fraction from lipids 
mixture. Developing Solvent: Ethyl etherv.
A-Neutral lipids
B-Phospholipids
along with the solvent front, leaving all phospholipids in the 
original line. Silica gel containing phospholipids were scraped 
directly into 15 x 125 mm teflon-lined screw-capped pyrex tubes 
for methylation. The separated phospholipids and neutral lipids on 
the TLC plates were checked for contaminants of each other by 
spotting both on another plate and developing with chloroform- 
methanol -water solvent system. Neither the neutral lipids or the 
phospholipids were cross contaminated as indicated in Figure 2.
From the author's experience, the TLC method of separation of total 
phospholipids from lipid mixture was found to be a very simple and 
rapid method compared to column chromatography.
(ii) Preparation of Methyl Esters of Fatty Acids
Methylation was accomplished according to the method used by
Ways jet al_. (124). Phospholipids were dissolved in about 10 ml 
reagent mixture (2:0.5:0.04 methanol-benzene-concentrated sulfuric 
acid) and then refluxed for 4 hours at 70°C. The methyl esters were 
extracted with petroleum ether, washed with water four times, dried 
over anhydrons sodium sulfate, and then dissolved in an exact 
volume of redistilled hexane for analysis by gas chromatography.
(iii) Gas Chromatography
Gas chromatographic analysis of methyl esters was performed 
on Micro-Tek Model GC 1600 equipped with hydrogen flame detector. 
Stainless steel columns 6 ft. x 5 mm were packed with 12% ethylene 
glycol succinate on 60-80 mesh chromosorb W (Micro-Tek, Inc.,
Baton Rouge, La.). A column temperature of 200°C. was maintained
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Fig. 2. Thin-Layer Chromatographic crosscheck of phospholipid 
fractions and neutral lipid fractions for contaminants 
in Fig. 1. A, B, C, D, E, - phospholipids fraction 
(A in Fig. 1), F - Neutral lipids fraction (B in Fig. 1). 
Developing Solvent - chloroform: Methanol : water.
(70 : 22 : 3).
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with the helium carrier gas pressure of 40 psi, and a flow rate 
of 40 cc/min., a hydrogen pressure of 18 psi, and an air pressure 
of 20 psi.
Identification of peaks of fatty acids was based on retention 
times relative to those of known fatty acids as well as data from 
other investigators (2, 74). The area of each peak (% base x 
height) was calculated and reported as percent of total peak areas. 
The precision of the gas chromotographic analysis is shown in 
Table 6 ; however, measurement of peak base was subject to some 
minor variations.
5. Statistical Analyses
There were three stages of lactation, five agitation levels, 
and two storage times. Stages of lactation and storage times were 
considered fixed and agitation levels were considered random. 
Analyses of variance were calculated for acid degree values (ADVs) 
in milk, and percent phospholipids in lipids of milk, cream and 
skimmilk.
Simple correlations were calculated between acid degree values 
and percent phospholipids in lipids of cream and skimmilk with 
increased agitation. Simple correlation was also calculated be­
tween acid degree values and percent phospholipids in lipids of milk 
from early through late stages of lactation.
All statistical analyses were carried out according to the 
methods described by Steel and Torrie (114).
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Table 6 . Accuracy of the Gas Chromatographic method for fatty acids 
determinations in milk phospholipids.
Major Fatty 
Acids
Sample3
1 1 3
7° Area % Area % Area
C 12 0.50 0.52 0.51
C14 4.87 4.80 4.90
c 16 25.55 26.10 25.00
c18 17.47 17.61 16.50
c18:1 35.61 33.79 34.69
c18: 2 6.04 6.98 5.98
c18: 3 1.38 1.38 1.53
C22 1.70 1.75 1.80
c23 2.86 2.16 2.60
C24 1.35 1.77 1.50
aThe same sample was replicated three times.
RESULTS AND DISCUSSION
A. Interrelationship between Agitation, Re­
lease of Phospholipids from Fat Globule 
Membrane and Acid Degree Values (ADVs)
The data on ADVs, percent phospholipids in lipids of cream, and 
percent phospholipids in lipids of skimmilk for all samples of early, 
mid, and late stages of lactation are given in the Appendix Tables 1,
2, and 3, respectively. The average values of these data showing the 
relationship between release of phospholipids from the fat globule 
membrane to serum and increase in ADVs due to agitation are plotted 
in Figures 3, 4, and 5, for early, mid, and late stages of lactation, 
respectively.
It will be noted that in all stages of lactation percent phos­
pholipids in lipids of cream decreased only very slightly and ADVs 
increased greatly with increases in agitation. This was expected since 
Greenbank and Pallanseh (27) and Koops and Tarassuk (60) have reported 
that phospholipids are released from the fat phase when milk is 
agitated or homogenized. When warm raw milk undergoes any form of 
agitation ADVs are known to increase depending upon degree of agitation. 
However, the statistical analyses indicated no significant correlation 
between percent phospholipids in lipids of cream and ADVs with in­
creased agitation levels (Table 8). ADVs showed a highly significant 
(P<f.01) increase whereas percent phospholipids in lipids of cream 
showed a non-significant decrease as the agitation increased (Appendix 
Tables 4 and 6).
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0 hour storage 
48 hour storage
Phospholipids in skimmilk lipids
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Acid degree values0.5
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Fig. 3. Concentration of phospholipids in cream and skimmilk, and
acid degree values (ADVs) of related milk at various levels 
of agitation, and storage times in early stage of lactation.
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Fig. 4. Concentration of phospholipids in cream and skimmilk, and acid 
degree values (ADVs) of related milk at various levels of 
agitation, and storage times in mid-stage lactation.
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Fig. 5. Concentration of phospholipids in cream and skimmilk, and
acid degree values (ADVs) of related milk at various levels 
of agitation, and storage times in late stage of lactation.
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When phospholipids were determined in the skimmilk, the total 
amount of phospholipids, as shown in Table 7, increased. This was 
expected as there was a slight decrease noted in the cream fraction. 
However, as it can be seen from Figures 3, 4, and 5, the percent 
phospholipids in lipids of skimmilk decreased significantly (P<C .01) 
with increased agitation. The decrease in percent phospholipids in 
lipids of skimmilk was due to an increase in total lipid material in 
skimmilk (Table 7). This would suggest that agitation not only 
released phospholipids but also resulted in an increase of other 
lipid material in the skimmilk. This could be seen from the fact 
that ADVs showed a highly significant ( P <  .01) positive correlation 
with total lipid material, and a highly significant (P<C .01) nega­
tive correlation with percent phospholipids in lipids of skimmilk 
(Table 8). If only phospholipids were released, the above correla­
tions would be expected to be reversed except percent phospholipids 
in lipids of cream which should be negative.
The increased lipid material in the skimmilk was probably due 
to increase in the amount of very small fat globules caused by agi­
tation which were noted when agitated and non-agitated milks were 
examined under microscope. These very small fat globules appeared 
to remain in the skimmilk during centrifugation. Conceivably, the 
release of phospholipids from cream phase to skimmilk phase was 
accompanied by very small fat globules.
Greenbank and Pallanseh (27) , and Koops and Tarassuk (60) , on the 
basis of total phospholipids determination in cream and skimmilk,
Table 7. Mean values of total phospholipids and lipid material in skimmilk at various levels of 
agitation and storage times in early, mid, and late stage of lactation.
Agitation
Phospholipids in Skimmilk (mg) Lipid Material in Skimmilk (mg)
Earlv Stage Mid-Stage of Late Stage of Early Stage Mid-Stage of Late Stage
Levels of lactation Lactation Lactation of Lactation Lactation of Lactation
(Second) Storage (hrs) Storage (hrs) Storage (hrs) Storage: (hrs) Storage (hrs) Storage (hrs)
0 48 0 48 0 48 0 48 0 48 0 48
0 3.47 3.87 3.76 3.79 4.17 4.47 37.0 40.5 23.4 27.0 24.8 28.5
15 3.71 4.00 3.97 3.94 4.24 4.53 40.3 42.3 27.7 28.1 32.0 30.5
30 3.81 4.17 4.10 4.14 4.32 4.61 42.6 46.3 28.5 31.8 31.7 37.8
60 3.92 4.29 4.44 4.35 4.65 4.70 45.5 49.1 37.3 38.0 36.9 40.9
120 4.30 4.45 4.58 4.39 4.81 5.05 54.5 54.9 43.9 42.6 37.2 47.9
a
Skimmilk obtained from 35 c.c. of centrifuged milk
^Milk samples were subjected to agitation in a Waring Blendor
-oU>
Table 8
i
Simple correlation co-efficient between acid degree values (ADVs) and phospholipids 
concentration3, and lipid material3 in cream, skimmilk and milk.
Correlation Co-efficients Storage (Hours)
48
ADVs VS percent phospholipids in 
lipids of cream^
■J^
ADVs VS percent phospholipids in 
lipids of skimmilk
ADVs'3 VS lipid material in creamb
ADVs^ VS lipid material in skimmilk^
ADVsc VS percent phospholipids in 
lipid of milk0
-.7734
-.8662*
-.9500**
.9495**
.484
-.7875
-.8904*
-.9526**
.9528**
.597*
*Significant at P .05
**Significant at P .01
q
Used average values of all stages of lactation 
^Correlations due to agitation of milk for 0, 15, 30, 60, and 120 seconds 
cIn non-agitated milk from early through late stages of lactation
reported that agitation causes release of phospholipids from the fat 
phase. These results and the results of total phospholipids in this 
study are in agreement (Table 7). However, these authors have not 
reported percent phospholipids in lipids of cream and skimmilk which is 
the case in this study. Gholson and Gelpi (24) have reported negative 
relationships between release of phospholipids from the fat phase to 
aqueous phase and ADVs with increases in agitation; however, they have 
made no reports on migration of other lipid material or amount of 
phospholipids to skimmilk.
As has been reported in the literature, the maximum amount of 
phospholipids in the lipid phase of milk was about 1%. Reports in the 
literature as well as evidence in this study indicated that when non­
agitated milk was centrifuged 30-40% of the total phospholipids were 
partitioned into the skimmilk even though there was only 0.01 - 0 .02% 
lipid material present. About 60% of the total phospholipids remained 
with the cream even though in this instance there was 50-60% lipid 
material present. Since skimmilk contains a very small quantity of 
lipids compared to its phospholipids any amount of lipid material 
migrating from the cream would cause a significant reduction in the per­
cent phospholipids in the lipids of skimmilk.
In light of the evidence, a logical question would be that since 
the percent phospholipids in lipids of skimmilk decreased because more 
lipid material moved from cream to skimmilk, why did the percent 
phospholipids in lipids of cream decrease slightly? In explanation, the 
cream contained 50-60% lipid material which included 0.6% phospholipids.
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If only 0.005 g lipid material which contained 0.00003 g phospholipids 
migrated this small amount would not materially affect the 60% of lipid 
material in the cream.
It has been discussed previously that agitation did not cause a 
significant decline in the percent phospholipids in the lipids of cream. 
If it is assumed that phospholipids protected the fat globule against 
hydrolysis why did the ADVs increase under these conditions including 
agitation? It was probably because the divided fat globules, due to 
agitation, had some unprotected surface which facilitated the contact 
of enzyme with the substrate fat. Krukovsky and Sharp (63) and Hlynka 
et al. (45) have stated that homogenization and any other forms of 
mechanical agitation were essentially alike in that they accomplished 
activation of enzyme by increasing the surface of the substrate. It
can be noted from the work reported by Brunner ejt al. (7) that the
character of the membrane-protein of milk was changed as a result of 
homogenization, and further, that the main protein constituents of the 
milk plasma formed a large percentage of the membrane-protein complex 
in homogenized milk. With a new surface composed of plasma protein 
which had the enzyme lipase associated with it, opportunity existed for 
increased lipase activity.
Since lipase activity was lower in non-agitated than agitated milk 
it appeared that the membrane material including phospholipids did have 
protective influence on the fat. Further, it seemed that agitation did 
not activate the lipase, but it brought lipase into contact with the
substrate by shearing of the fat globules.
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With regards to the structure of the fat globule membrane, the 
author's study as well as the study of Greenbank and Pallanseh (27), 
and Kooks and Tarassuk (60) have shown that when non-agitated milk 
was centrifugally separated, about 40% of the total phospholipids 
were partitioned in the skimmilk and about 60% remained firmly 
attached to the fat globules. Koops and Tarassuk (60) suggested that 
these firmly attached phospholipids would require a greater disruption 
of the fat globule -membrane than is usually obtained by plant process­
ing treatment in order to separate phospholipids. From these observa­
tions, it would be logical to assume that the fat globule would still 
be covered by the membrane material, and not exposed to the enzyme 
lipase.
Since about 60%, of the phospholipids are attached to the fat 
globule, the theory, which King (56), and Sommer (112) have postu­
lated, could be questionable. They have said that phospholipids were 
adsorbed on the fat globule surface with their polar ends combined 
with plasma protein. If this were the case, then only a small 
mechanical force would be required to remove major amounts of 
phospholipids from the fat phase to aqueous phase.
However, Mulder et al. (81) have reported phospholipids to be 
present in hydrated form and insoluble in fat. Since they found no 
phospholipids to be actually dissolved in the fat globule, the 
phospholipids belonging to the fat globules must be present by polar 
orientation on the surface layers of these globules.
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It would be very logical to assume that the fat globules may have 
been covered by a film of strongly surface active protein whose reactive 
groups would interact with phospholipids, and phospholipids containing 
a protein lipid complex such as described by Morton (80). Mulder (82) 
has mentioned that fat globules and milk serum were probably formed 
separately at different places within a secretory cell of the udder.
The fat globule may have been covered by a layer of substances from the 
protoplasm before it came into contact with milk serum. Sommer's (112), 
and King's (56) theories may then be right in that phospholipids may 
have been deposited randomly on the fat globule until the fat globule 
was covered completely. Some phospholipids would interact with the 
original proteinaceous membrane next to the fat globule and other 
phospholipids deposited randomly would interact to the outside with the 
plasma protein. There could be lipid-lipid bonds, which would be very 
weak, between those phospholipids which interact with the original 
membrane protein and those which interact with plasma protein. From 
the above discussion, a large amount of phospholipids would be expected 
to be attached to the original inner membrane, and therefore, large 
amounts of phospholipids would be expected to remain firmly attached to 
the fat globules in the cream fraction. Phospholipids combined with 
the plasma protein would tend to remain with skimmilk and be separated 
by centrifugal force. In support of this statement, Harwalker e_t al. 
(34) have also reported that the phospholipids migrating from the fat 
globule could be protein bound.
To determine the statistical significance of degree of agitation 
on ADVs and percent phospholipids various agitation levels, 15, 30, 60,
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and 120 seconds were compared to 0 second or non-agitation by LSD 
(Least Significance Difference) technique.
Non-agitated milk when compared with the 15 seconds level of 
agitation did not cause a significant decline in the present phospho­
lipids in lipids of skimmilk, while the levels of 30 seconds and above 
did cause a significant decline. The 30 seconds level was significant 
(P<C.05) and the 60 and 120 seconds levels were highly significant 
(PC.01) . From these agitation studies, it would appear that 30 
seconds agitation was sufficient to cause shearing of fat globules.
This would add evidence to the idea that probably the physical forces 
maintaining the integrity of the fat globule membrane were relatively 
weak. This amount of agitation would be frequently encountered in 
pumping and handling milk on the farm and in dairy plants. It is, 
therefore, apparent why it is necessary to properly handle raw milk, 
namely that of having flooded lines and low temperatures.
Lactation X agitation interaction was not significant in the per­
cent phospholipids in lipids of skimmilk.
The effect of degree of agitation in increasing ADVs varied from 
one stage of lactation to another. In the early and mid-stage of 
lactation, milk agitated for 15 and 30 seconds showed no significant 
increase in ADVs compared to non-agitated milk, while 60 and 120 
seconds agitation showed a highly significant (P<.01) increase in ADVs. 
In the late stage of lactation, milk agitated for 15 seconds showed no 
significant increase while that agitated for 30 seconds or more showed 
a highly significant (P<^,01) increase in ADVs over non-agitated milk. 
This would probably indicate that in the late part of the lactation,
the forces stabilizing the fat globule membrane may be somewhat weaker 
or there may be a greater concentration of enzyme present.
Storage X agitation interaction was found to be highly signifi­
cant (P<.01) in ADVs. Statistical analysis (LSD) indicated that at 
zero hour storage, agitation produced no significant difference in 
ADVs in the milk agitated for 15 and 30 seconds. However, when milk 
was stored for 48 hours the 30 seconds level of. agitation produced a 
significant increase in ADVs over the non-agitated milk. These results 
are in agreement with those of Nilsson and Willart (87) in that they 
found 50% more lipase activity in milk which had been homogenized for 
90 seconds and stored for 24 hours in comparison to that which was not 
stored. This indicated that though lipase acts slowly it produces 
significant changes during storage.
Effect of Storage on the Percent Phospholipids in Lipids of Cream 
and Skimmilk.
The percent phospholipids in lipids of cream showed no significant 
difference between zero hour and 48 hours of storage. However, the 
percent phospholipids in lipids of skimmilk showed a highly significant 
(P<C.01) decrease when determined after 48 hours of storage. It would 
appear from Table 1 that the increase in lipid material in the skimmilk 
after 48 hours resulted in a significant decrease in the percent 
phospholipids in lipids of skimmilk strictly because of quantity in­
volved. The lipid material was noted to increase in the skimmilk after 
48 hours of storage at 4°C. which was as expected. It is a well known 
fact in dairy plants that milk which has been subjected to prolonged 
cold storage (i.e. farm bulk tank holding) prior to fat separation 
with a cold milk separator results in high losses of fat in the skimmilk.
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B. Relationship between ADVs and Percent 
Phospholipids in Lipids of Milk
The data of ADVs and percent of phospholipids in lipids of non- 
agitated milk of early, mid, and late stages of lactation are presented 
in Table 9 and charted in Figure 6 . It will be noted that ADVs gradu­
ally increased as stage of lactation progressed. Upon statistical 
analysis it was noted that the ADVs in late stage of lactation were 
highly significantly greater (P<2.01) than in early stage of lactation 
while the ADVs were significantly greater (P<1.05) in the late stage of 
lactation when compared with mid-stage of lactation. These results 
support the results of Herrington and Guthrie (39). The percent 
phospholipids in lipids of non-agitated milk remained almost at the 
same level from early-stage to mid-stage of lactation, and increased 
significantly (P<C.01) in the late stage of lactation. These results 
are in accordance with those of Baliga and Basu (4) who have also 
found phospholipids to be increased in the late stage of lactation.
Simple correlation coefficient (Table 8) analysis indicated a 
positive but non-significant correlation between ADVs and phospholipids 
in the milk analyzed at zero hour storage. However, when milk was 
analyzed after 48 hours of storage, ADVs and phospholipids showed a 
significant (P<C.05) positive correlation. These results are in con­
tradiction with the results reported by Wallace (122) . He has 
reported a small though significant (P<C.05) negative correlation be­
tween ADVs and percent phospholipids in lipids of milk stored for 48 
hours. However, since Wallace's study was involved with seasonal 
effect this reverse relationship may be possible. Baliga and Basu (4)
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Table 9. Acid degree values and percent phospholipids in lipids of 
non-agitated milk at 0 and 48 hours of storage in early, 
mid, and late stages of lactation.
Stages
of
Lacta­
tion
Early
Mid
Late
We
ek
s
Percent Phospholipids 
in Lipids of Milk
Acid Degree 
Values
Storage (Hours) Storage (Hours)
0 48 0 48
1 .76 .80 .47 .61
2 .75 .80 .30 .35
3 .91 .91 .30 .95
4 .75 .76 .43 .78
1 .79 ' .76 .48 .95
2 .75 .78 .48 .95
3 .80 .85 .52 .95
4 .75 .79 .52 .95
1 .97 .97 .56 .99
2 .99 1.00 .65 1.43
3 .86 .89 .69 .99
4 .96 .92 .61 .99
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Fig. 6 . Relationship of acid degree values and phospholipids 
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have reported marked variations in levels of phospholipids in milk be­
tween seasons, with the highest level noted from November to January 
and at a rather low level from late January to April. Holden et al.
(46), and Rawat (101) have characterized the seasonal variations by 
high phospholipids level in winter and low level in summer.
From the Wallace's seasonal study and the lactation study in this 
research, it would be logical to assume that there is probably little 
or no relationship between the amount of phospholipids in the fat 
globule membrane and ADVs. However, further work under different con­
ditions such as feed, age of animals, breeds, etc. would be necessary 
to establish the true relationship between ADVs and the phospholipids 
content in the fat globule membrane.
As it was noted in this study as well as in Wallace's study, the 
significant increase in spontaneous ADVs in non-agitated milk stored 
for 48 hours would be due to the membrane lipase and not the plasma 
lipase. In this connection, Tarassuk and Frankel (116) have reported 
that the membrane lipase was responsible for spontaneous rancidity.
G. Relationship of ADVs and Percent Phospholipids 
of Cream and Skimmilk of Non-agitated Milk
The relationship of ADVs and percent phospholipids in lipids of 
cream and skimmilk of non-agitated milk is shown in Figure 7. It will 
be noted that ADVs gradually increased as stage of lactation progressed. 
The percent phospholipids in lipids of cream increased in the early 
stage of lactation, decreased slightly in the mid-stage of lactation, 
and then increased in the late stage of lactation. However, the percent
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phospholipids in lipids of skimmilk showed a marked increase as stage 
of lactation advanced. The increase in percent phospholipids in 
lipids of skimmilk in the late stage of lactation may be due to the 
fact that as the lactation advances the fat globules become smaller 
and more numerous. The very small fat globules that remain in the 
skimmilk have a large surface area will have a proportionately larger 
amount of phospholipids according to the theory of Sommer (112). The 
data in Figure 7 suggested no correlation between ADVs and the parti­
tion of phospholipids from cream to skimmilk in non-agitated milk.
D. Distribution of Types of Phospholipids in Milk, and Cream 
and Skimmilk of Agitated and Non-agitated Milk
The results of thin-layer chromatography (TLC) separation of 
phospholipids are shown in Figure 8 . As will be noted, all classes of 
phospholipids namely sphingomyelin, lecithin, and cephalin were present 
in milk, and cream and skimmilk from both agitated and non-agitated 
samples. These results are in agreement both as to concentration and 
identity with those of Patton e_t al. (94) . Upon further examination 
of the results it was noted that a greater concentration of phospho­
lipids particularly lecithin were present in the skimmilk from the 
agitated sample as compared to the non-agitated. This increase in 
lecithin would probably indicate that the lecithin was weakly bound in 
the membrane since agitation caused an increase of lecithin in the skim­
milk. Another possibility is that the migrating lipid material in 
form of small fat globules to skimmilk, caused by agitation, carried 
more lecithin which was present in greater concentration as compared 
to the other two phospholipids classes. The latter would probably be
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Cephalin
Sphingomyelin
A B C D E
Fig. 8 . Thin-Layer Chromatographic separation of phospholipids.
A - phospholipids from milk, B and C - phospholipids from 
cream of non-agitated and agitated milk, respectively,
D and E - phospholipids from skimmilk of non-agitated and 
agitated milk, respectively. Developing Solvent - 
chloroform : methanol : water. (70 : 22 : 3).
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phospholipids fraction was accounted for by lecithin. However, the 
true significance of the changes in lecithin concentration in agitated 
and non-agitated samples cannot be visualized because lecithin was not 
quantitated. This would be an interesting approach for further work.
E. Fatty Acid Composition in Milk Phospholipids
1. Changes in Fatty Acids in Cream and Skimmilk Phospholipids of 
Agitated and Non-agitated Milk.
The data of fatty acid composition of phospholipids for all 
samples of milk, cream, and skimmilk are given in the Appendix Tables
1 0 , 1 1 , and 12 for early, mid, and late stages of lactation, re­
spectively . It can be seen that the fatty acid composition of 
phospholipids appeared very similar in milk, cream, and skimmilk.
These results are in agreement with those of Smith and Lowry (110), 
Bading (2), and Patton £t al. (94) .
As has been revealed by TLC, changes were observed in classes of
phospholipids with a major change noted in lecithin concentration in 
the skimmilk obtained from agitated milk. These changes are possibly 
reflected in the amount of particular fatty acids in cream and skimmilk 
phospholipids of agitated and non-agitated milk. Since statistical 
analysis indicated the similar agitation effect in all stages of lacta­
tion on the phospholipids movement from cream to skimmilk, the values 
of phospholipids fatty acid composition in all stages of lactation 
(Appendix Tables 10, 11, and 12) have been averaged for discussion.
The average concentration of three major fatty acids, Cq6 » Cl8 > and 
Cl8 :l cream an(i skimmilk phospholipids of agitated and non-agitated 
milk stored for 0 hour and 48 hours are shown in Figure 9.
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Fatty acids in cream 
phospholipids
No agitation 
□  Agitation
Fatty acids in skimmilk 
phospholipids
48 hour storage
1
•21
Fatty acids in cream 
phospholipids
Fatty acids in skimmilk 
phospholipids
0 hour storage
I
I
J16 J18 J18:1 -16 J18 -18:1
Three major fatty acids* C16> Cig, Ci8 ;i in phospholipids 
of cream and skimmilk of non-agitated and agitated milk 
at 0 and 48 hours of storage.
*Used mean values of early, mid, and late stages of lactation.
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It will be noted that major changes were observed in C-^ g, and
Cig.i acids in cream and skimmilk of agitated and non-agitated milk.
When milk was agitated C^g and C-^ g mainly decreased in the cream and 
consequently they increased in the skimmilk phospholipids. However, 
Cig.i acid increased in the cream and decreased in the skimmilk when 
milk was agitated. The change in C-^ g.^  was assumed to be due to changes 
resulted in C-^ g and C^g. The changes in fatty acid concentration 
would be expected in light of the report by Bading (2) that the major 
fatty acid constituents in the cephalin fraction are C^ g.-^  48%, C-^ g 
19.1% in the lecithin fraction C-^ g 11.6%. He further reported that the 
long chain saturated fatty acids, mainly C2 2 » G2 3 , and C24 were associ­
ated with the Sphingomyelin fraction. From this report it would 
appear lecithin to be the major fraction involved in the migration 
from cream to skimmilk. TLC analysis also indicated mainly the lecithin 
fraction highly concentrated in the skimmilk obtained from agitated 
milk.
No uniform changes in any of the major fatty acids in cream and 
skimmilk phospholipids were observed after 48 hours of storage. The 
total concentration of C-^ g and C^g.^ was found to be increased and de­
creased respectively in both cream and skimmilk fractions. The 
increase in the total amount of may be probably due to decrease in 
the total amount C^g.^. Since C^g.^ is an unsaturated fatty acid, it 
could be oxidized during the storage.
2. Fatty Acid Composition in Total Milk Phospholipids in Early, Mid, 
and Late Stages of Lactation.
The complete analysis of fatty acid composition of total milk 
phospholipids is given in the Appendix Tables 10, 11, and 12, early,
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mid, and late stage of lactation, respectively. The major fatty acids 
in total milk phospholipids determined at zero hour storage in early, 
mid, and late stage of lactation are shown in Table 10.
It will be noted that fatty acid composition in total milk phos­
pholipids varied from one stage of lactation to another. Noticeable 
variations were observed, particularly in three major fatty acids 
namely C-^ g, C-^ g, and C^g. during the lactation period. was high­
est in the early stage of lactation and lowest in the mid-stage of 
lactation, C-^ g gradually increased as stage of lactation advanced, and 
Ci8 ;i was highest in the mid-stage of lactation and lowest in the early 
stage of lactation. The concentration of these three major fatty acids 
in total milk phospholipids was on the average C-^ g 25.85%, Cps 14.16%, 
and g:1 32.60% which was in general agreement with the results of 
Bading (2) and Patton £t al_. (94) .
The variation in the fatty acid composition of phospholipids may 
be influenced by changes in fatty acids themselves because of feed, 
season or lactation effect or may be due to changes in the amounts of 
phospholipids throughout the lactation period. The latter seems to be 
more logical and important since Baligo and Basu (4) and others (46, 
1 0 1) have reported that the amount of phospholipids varied markedly 
during the lactation period.
As can be noted in the Appendix Tables 10, 11, and 12, that there 
were small variations in the fatty acid composition of total phospho­
lipids in milk stored at 0 and 48 hours. However, the trend of fatty 
acids of phospholipids after 48 hours of storage was the same as it 
was at 0 hour storage. The small increase or decrease in certain
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Table 10. Major fatty acids in total milk phospholipids in 
early, mid, and late stages of lactation.
\at. ^  ^!rly Mid-Stage Late Stage
Acids____________ Stage__________________ °__________________ __
----------------  % Area-----------------
Cl2 0.68
c14 5.83
c 16 33.75
C 18 10.85
c18:1 28.98
c18:2 5.34
c18:3 1.34
C22 1.18
C23 6.42
C24 0.20
1.41 0.50
6.27 5.39
19.26 24.55
14.15 17.47
36.22 35.61
7.15 5.08
1.44 1.38
2.88 2.42
3.50 3.32
1.47 2.36
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fatty acids may be due to oxidation of one or more of the unsaturated 
fatty acids.
Some variations in the concentrations of fatty acids in phospho­
lipids were noted when compared to results in the literature. These 
differences were probably real; however, it occurred to the author 
that these variations could be due to instrumental techniques and 
conditions under which gas chromatographic analyses were carried out. 
Methylation reagents, time and temperature affect the completion of 
methyl ether preparation as described by Patton £t al_. (94) .
SUMMARY AND CONCLUSIONS
This research was conducted to determine: a) the interrelation­
ship of agitation, release of phospholipids from the fat globule 
membrane, and the hydrolysis of milk fat by the enzyme lipase in milk 
produced during various stages of lactation, and b) the distribution 
of types of phospholipids, and component fatty acids in the phospho­
lipids displaced by agitation.
Mixed milk of six similar holstein cows, during early, mid, and 
late stage of lactation, was subjected to agitation in a Waring Blender 
at a powerstat setting of 35 for 0, 15, 30, 60, and 120 seconds, 
respectively. Initially, and after 48 hours of storage (4°C) acid 
degree values were determined in milk of each agitation level. Cream 
and skimmilk fractions were obtained by centrifuging each of the five 
samples at 7000 r.p.m. (6000 x g) for 10 minutes. Total phospholipids 
in milk, and cream and skimmilk fractions were determined and reported 
as total phospholipids, and percent phospholipids in lipids of each 
fraction. The distribution of types of phospholipids in cream and 
skimmilk of non-agitated and agitated milk was revealed by thin-layer 
chromatography (TLC). Gas chromatographic analyses were made to 
determine the fatty acid composition of milk, cream, and skimmilk 
phospholipids.
Results indicated a significant (P<L .05) negative correlation 
between ADVs and percent phospholipids in lipids of skimmilk as well 
as a highly significant (P<C .01) positive correlation between ADVs 
and lipid material in skimmilk with increases in agitation at both 0 
and 48 hours of storage. It was questionable whether agitation caused 
release of phospholipids per se. Agitation probably caused division
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of fat globules that carried some phospholipids into skimmilk. This 
was accompanied by a slight drop in cream phospholipids. The division 
of fat globules was noted by the increase in lipid material in the 
skimmilk, and a highly significant (Pd.Ol) decline in the percent 
phospholipids in the lipids of skimmilk. The microscopic examination 
of the fat globules also indicated the division or reduction in fat 
globule size.
A highly significant ( P C  .01) increase in ADVs with increased 
agitation was due to some unprotected surface on the fat globules, 
caused by agitation, which facilitated the attack of lipase on the 
substrate fat.
The minimum level of agitation which caused a highly significant 
( P C  .01) increase in lipase activity was 60 seconds in the early and 
mid-stage of lactation, and 30 seconds in the late stage of lactation. 
The minimum level of agitation found to cause a highly significant 
( P C  .01) decline in the percent phospholipids in lipids of skimmilk 
was 30 seconds.
Total phospholipids in milk remained almost at the same level 
in the early and mid-stage of lactation, and then increased signifi­
cantly ( P C  .01) in the late stage of lactation. ADVs significantly 
( P C  .01) increased towards the late stage of lactation. At zero 
hour storage ADVs and total phospholipids in milk showed non-signifi­
cant positive correlation. However, ADVs and total phospholipids in 
milk showed a significant ( P C  .05) positive correlation when deter­
mined after 48 hours of storage.
Since about 60% of the total phospholipids were apparently 
firmly attached to the fat globules, that is, they did not migrate,
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it suggested the presence of strongly surface active protein layer 
on the fat globules to which these phospholipids remained attached.
The classes of phospholipids revealed by thin-layer chroma­
tography showed a uniform distribution with little variation in the 
proportion of each class in cream and skimmilk obtained from non- 
agitated and agitated milk. The classes of phospholipids and fatty 
acids in phospholipids suggested the lecithin to be more concentrated 
in the milk fat, and involved in the movement from cream to skimmilk 
in agitated milk.
Fatty acid composition in phospholipids varied during the 
lactation period. Among the three major fatty acids, C^g, C^g, and 
Cl8 :l> ^16 was i-n ea^ly stage of lactation and lowest in
the mid-stage of lactation. Cpg gradually increased as stage of 
lactation advanced. C^g.^ was highest in the mid-stage of lactation 
and lowest in the early stage of lactation. The three major fatty 
acids, C^g, C-^ g, and C^g.^ on the average constituted for 25.85%, 
14.16%, and 32.60%, respectively.
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APPENDIX
g
Appendix Table 1. Acid degree values of milk at various levels of agitation and storage times in
early, mid, and late stage of lactation.
Agitation
Periods
Average1 2 3 4
Levels. Storage (hrs.) Storage (hrs.) Storage (hrs.) Storage (hrs.) Storage (hrs.)
(Seconds) 0 48 0 48 0 48 0 48 0 48
Am* rl Dzorr-v-Qci U o l  n o
Early Stage of Lactation
0 0.47 0.61 0.30 0.35 0.30 0.95 0.43 0.78 0.38 0.67
15 0.50 0.60 0.30 0.35 0.30 0.95 0.43 0.82 0.39 0.68
30 0.55 0.93 0.35 0.39 0.39 0.99 0.48 0.99 0.44 0.83
60 0.81 1.32 0.48 0.65 0.52 1.08 0.69 1.30 0.60 1.09
120 1.28 2.14 0.82 1.13 0.32 2.04 1.52 2.60 1.11 1.98
Mid-State of Lactation
0 0.48 0.95 0.48 0.95 0.52 0.95 0.52 0.95 0.50 0.95
15 0.48 0.95 0.48 1.00 0.56 0.95 0.52 0.95 0.51 0.96
30 0.56 1.03 0.52 1.21 0.61 0.99 0.61 1.04 0.56 1.08
60 0.61 1.17 0.82 1.73 0.78 1.25 0.78 1.30 0.75 1.36
120 1.60 2.75 1.39 2.75 1.23 2.16 1.30 2.38 1.38 2.48
Late-State of Lactation
0 0.56 0.99 0.65 1.43 0.69 0.99 0.61 0.91 0.63 1.08
15 0.56 1.12 0.65 1.56 0.69 1.08 0.61 0.99 0.63 1.19
30 0.65 1.34 0.73 1.86 0.78 1.33 0.69 1.21 0.71 1.44
60 0.86 2.03 0.86 2.16 0.95 2.08 0.78 1.73 0.86 2.00
120 1.73 4.16 1.43 3.38 2.51 3.68 1.38 3.16 1.76 3.59
g
Acid degree values reported as ml koh required to neutralize free fatty acids in 100 g fat. 
^Milk samples were subjected to agitation in a Waring Blendor.
Appendix Table 2. Phospholipids in lipids of cream3 from milk at various levels of agitation, and
storage times in early, mid, and late stage of lactation.
Agitation
Periods
■V 1 2 3 4
Levels Storage (hrs.) Storage (hrs.) Storage (hrs.) Storage (hrs.) Storage (hrs.)
(Seconds) 0 48 0 48 0 48 0 48 0 48
Early Stage of Lactation
0 0.51 0.57 0.58 0.53 0.64 0.57 0.40 0.42 0.53 0.52
15 0.45 0.53 0.56 0.53 0.57 0.60 0.41 0.42 0.50 0.52
30 0.45 0.57 0.52 0.59 0.54 0.62 0.38 0.40 0.47 0.55
60 0.46 0.50 0.51 0.52 0.58 0.55 0.36 0.40 0.48 0.49
120 0.46 0.57 0.52 0.51 0.51 0.57 0.36 0.41 0.46 0.52
Mid-Stage iof Lactation
0 0.51 0.55 0.38 0.41 0.56 0.52 0.56 0.56 0.51 0.51
15 0.49 0.47 0.39 0.39 0.54 0.51 0.56 0.56 0.50 0.48
30 0.50 0.50 0.37 0.37 0.53 0.52 0.54 0.57 0.48 0.48
60 0.53 0.54 0.37 0.37 0.49 0.48 0.54 0.54 0.48 0.48
120 0.50 0.54 0.37 0.37 0.44 0.49 0.53 0.54 0.46 0.48
Late Stage of Lactation
0 0.58 0.55 0.54 0.56 0.55 0.55 0.57 0.55 0.56 0.55
15 0.58 0.55 0.52 0.53 0.54 0.55 0.57 0.54 0.55 0.54
30 0.55 0.53 0.51 0.53 0.55 0.55 0.57 0.50 0.54 0.53
60 0.55 0.53 0.48 0.53 0.52 0.53 0.54 0.50 0.52 0.52
120 0.55 0.52 0.49 0.53 0.50 0.53 0.48 0.49 0.50 0.52
aCream obtained from 35 c.c. of centrifuged milk.
^Milk samples were subjected to agitation in a Waring Blender.
gAppendix Table 3. Phospholipids in lipids of skimmilk from milk at various levels of agitation,
and storage times in early, mid, and late stage of lactation.
Periods
Agitation 1 2 3 4 AVCi. a&C
Levels Storage (hrs.) Storage (hrs.) Storage (hrs.) Storage (hrs.) Storage (hrs.)
(Seconds) 0 48 0 48 0 48 0 48 0 48
7°
Early Stage of Lactation
0 8.62 9.67 8.98 8.85 9.15 9.64 11.09 10.38 9.46 9.63
15 8.52 9.55 8.72 8.76 9.08 9.76 11.00 9.84 9.33 9.48
30 8.14 9.18 8.57 8.61 8.93 8.70 10.49 9.70 9.03 9.05
60 8.06 9.06 8.39 8.45 8.70 8.33 9.39 9.22 8.64 8.76
120 7.50 8.21 7.67 8.17 8.29 7.82 8.91 8.20 8.09 8.10
Mid-Stage of Lactation
0 18.69 12.64 15.86 12.95 14.82 16.29 15.26 15.00 16.15 14.22
15 19.06 12.57 10.15 14.70 14.48 14.71 14.84 14.50 14.63 14.12
30 17.78 11.97 12.34 12.38 14.37 15.13 13.61 13.04 14.52 13.13
60 13.14 12.16 10.79 10.67 13.07 13.37 10.50 9.93 11.87 11.53
120 12.01 10.09 8.32 9.03 12.40 12.49 9.52 9.36 10.56 10.24
Late Stage of Lactation
0 17.39 16.00 13.29 13.35 20.38 19.87 17.04 14.25 17.02 15.87
15 '12.98 15.28 12.42 13.14 16.57 18.56 14.26 14.95 14.06 15.48
30 13.60 13.21 12.73 8.71 15.86 15.19 12.90 13.45 13.77 12.64
60 12.52 13.51 12.48 8.29 14.12 13.35 14.41 11.73 13.38 11.72
120 9.59 10.55 11.43 8.07 11.26 11.26 13.51 13.28 11.45 10.79
aSkimmilk obtained from 35 c.c. of centrifuged milk.
^Milk samples were subjected to agitation in a Waring Blendor.
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Appendix Table 4. Analysis of variance of acid degree values.
Source of variation d. f. Mean Square F
Total 119
Stages of lactation (L) 2 3.5262 13.730**
Agitation (A) 4 7.1011 96.351**
LXA 8 0.2568 3.484**
Storage (S) 1 12.7466 19.707**
AXS 4 0.6468 8.776**
LXS 2 - 0.5482 5.663**
LXAXS 8 0.0968 1.313
Error 90 0.0737
**Significant at P .01
Appendix Table 5. Analysis of variance of percent phospholipids in
whole milk lipids.
Source of variation d.f. Mean Square F
Total 23
Stages of lactation (L) 2 0.0580 19.333**
Storage (S) 1 0.0021 0.700
LXS 2 0M
Error 18 0.0030
**Significant at P .01
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Appendix Table 6 . Analysis of variance of percent phospholipids in
cream lipids.
Source of variation d.f. Mean Square F
Total 119
Stages of lactation (L) 2 0.02496 69.167**
Agitation (A) 4 0.00602 1.371
LXA 8 0.00036 0.082
Storage (S) 1 0.00330 2.946
AXS 4 0.00112 0.255
LXS 2 0.00315 3.750
LXAXS “  8 0.00084 0.191
Error 90 0.00439
**Significant at P .01
Appendix Table 7. Analysis of variance of percent phospholipids in
skimmilk lipids.
Source of variation d.f. Mean Square F
Total 119
Stages of lactation (L) 2 260.8898 37.636**
Agitation (A) 4 58.6964 13.433**
LXA 8 6.9319 1.586
Storage (S) 1 14.7560 73.085**
AXS 4 0.2019 0.046
LXS 2 0.6701 0.554
LXAXS 8 1.2089 0.277
Error 90 4.3695
**Significant at P .01
Q
Appendix Table 8. Total phospholipids in cream from milk at various levels of agitation, and
storage times in early, mid, and late stage of lactation.
Agitation
Periods or
1 2 3 4
Levels Storage (hrs.) Storage (hrs.) Storage (hrs.) Storage (hrs.) Storage (hrs.)
(Seconds) 0 48 0 48 0 48 0 48 0 48
mg
Early Stage of Lactation
0 6.50 6.82 7.44 7.06 7.63 7.31 5.12 5.37 6„67 6.64
15 5.63 6.56 7.44 7.06 6.81 7.31 5.12 5.37 6.25 6.58
30 5.63 6.82 6.87 7.90 6.38 7.62 4.81 5.13 5.92 6.87
60 5.63 6.00 6.81 6.86 6.69 6.87 4.56 5.13 5.92 6.22
120 5.63 6.82 6.74 6.85 5.94 6.87 4.56 5.13 5.72 6.42
Mid-Stage <of Lactation
0 6.44 7.06 5.06 5.31 7.44 6.81 7.44 7.44 6.59 6.65
15 6.25 5.89 5.06 5.06 7.13 6.81 7.44 7.44 6.47 6.30
30 6.44 6.25 4.75 4.75 7.13 6.81 7.12 7.12 6.36 6.31
60 6.44 6.81 4.75 4.75 6.56 6.25 7.12 7.12 6.22 6.23
120 6.44 6.81 4.75 4.75 5.94 6.50 7.00 7.00 6.03 6.29
Late Stage of Lactation
0 7.06 6.81 6.56 6.81 6.50 6.50 7.06 6.69 6.79 6.70
15 7.06 6.81 6.56 6.51 6.50 6.50 7.06 6.69 6.79 6.62
30 6.81 6.50 6.25 6.50 6.50 6.50 7.06 6.13 6.65 6.41
60 6.81 6.50 5.94 6.50 6.25 6.25 6.75 6.13 6.44 6.34
120 6.81 6.25 5.94 6.25 5.88 6.25 5.94 6.13 6.14 6.22
a
Cream obtained from 35 c.c. of centrifuged milk.
^Milk samples were subjected to agitation in a Waring Blender.
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Appendix Table 9. Total phospholipids in skimmilk from milk at various levels of agitation, and
storage times in early, mid, and late stage of lactation.
Periods Average
Agitation 1 2 3 4
Levels Storage (hrs.) Storage (hrs.) Storage (hrs.) Storage (hrs.) Storage (hrs.)
(Seconds) 0 48 0 48 0 48 0 48 0 48
mg
Early Stage of Lactation |
0 3.430 4.346 3.750 4.186 3.240 3.440 3.^72 3.531 3.473 3.875
15 3.580 4.346 3.750 4.210 4.060 3.800 3.463 3.640 3.713 3.999
30 3.580 4.500 3.998 4.449 4.100 4.000 3.562 3.743 3.810 4.173
60 3.590 4.646 4.110 4.450 4.325 4.295 3.663 3.776 3.922 4.291
120 4.500 4.746 4.225 4.650 4.640 4.560 3.863 3.843 4.307 4.449
Mid'-Stage cof Lactation
0 3.700 4.160 3.775 3.600 3.750 3.813 3.800 3.600 3.756 3.793
15 4.880 4.160 3.440 4.013 3.750 3.810 3.800 3.800 3.967 3.945
30 4.730 4.562 4.000 4.013 3.750 4.160 3.920 |3.820 4.100 4.139
60 5.110 4.780 4.025 4.225 4.587 4.360 4.000 4 .020 4.443 4.346
120 4.960 4.360 4.185 4.388 4.960 4.560 4.200 4.250 4.576 4.389
Late Stage of Lactation
0 4.000 5.120 4.000 4.020 4.750 4.790 3.920 3.920 4.167 4.472
15 4.180 5.120 4.000 4.020 4.790 4.790 3.980 4.170 4.237 4.525
30 4.040 5.310 4.430 4.170 4.790 4.800 4.000 4.170 4.315 4.612
60 4.210 5.310 4.430 4.170 4.970 4.980 5.000 4.338 4.652 4.697
120 4.410 5.710 4.640 4.390 5.180 5.180 5.000 4.940 4.807 5.055
aSkimmilk obtained from 35 c.c. of centrifuged milk.
^Milk samples were subjected to agitation in a Waring Blender.
Appendix Table 10. Common fatty acids in milk, cream, and skimmilk phospholipids in the early stage
of lactation.
Non-agitated Milk Agitated41 Milk
Fatty Whole Cream Skimmilk Cream Skimmilk
Acids Milk Storage (hrs.) Storage (hrs.) Storage (hrs.) Storage (hrs.)
0 48 . 0 48 0 48 0 48
% Area
c 10
. . _ 0.15 0.25 0.01 0.16 0.13 0.08 0.48 Trace
C 12 0.68 0.53 1.35 1.37 0.47 0.58 1.06 1.06 0.58 0.54
c14l14:1
5.83 4.05 9.15 8.27 3.27 3.57 7.84 7.83 4.20 4.61
0.46 0.11 0.19 0.75 0.28 0.39 0.62 0.48 0.25 0.58
C15 0.35 0.20 0.45 0.50 0.59 0.88 0.69 0.40 0.72 0.85
c16 33.75 41.80 44.46 24.21 21.70 20.81 31.93 29.55 24.20 23.78
c16:l 0.93 2.09 0.56 0.03 0.84 0.80 3.96 0.16 0.68 1.03
c17 0.11 0.32 - 0.06 0.11 0.05 1.59 0.15 0.10 0.09
C17:1Cl8
0.29 0.11 0.05 0.17 0.33 0.43 0.30 0.23 0.49 0.36
10.85 7.22 12.93 14.14 11.16 11.02 12.47 12.58 13.70 13.24
c18:l 28.98 25.60 20.02 42.90 29.16 41.52 30.14 31.07 33.92 30.47
c18:2 5.34 4.56 0.60 1.34 10.48 6.69 1.44 3.28 7.62 5.97
c18:3 1.34 2.23 0.26 1.00 1.99 1.55 1.07 0.65 1.53 3.14
c 20 1.12 0.81 - - 0.13 0.13 0.34 0.84 0.27 0.30
- - - - 0.70 0.50 - - 0.44 0.73
X*b - - - - 1.21 0.43 - - 0.29 1.02
X^b - - - - 2.09 1.14 - - 1.74 1.38
P
p22
l23
1.18 2.71 2.68 1.68 4.67 Trace 1.32 3.56 3.04 2.30
6.42 3.08 6.84 3.06 6.56 4.79 1.84 1.50 3.44 4.97
c24 0.20 4.58 2.70 0.23 4.22 2.14 3.23 6.60 2.73 4. 64
aPhospholipids extracted from 15, 30, 60, and 120 seconds agitated samples were mixed and analyzed
for its fatty acids composition.
^Unknown peaks.
Appendix Table 11. Common fatty acids in milk, cream, and skimmilk phospholipids in the mid-stage
of lactation.
________ Non-agitated Milk_______ ________ Agitated3 Milk__________
Fatty Whole Cream Skimmilk Cream Skimmilk
Acids Milk Storage (hrs.)____ Storage (hrs.)____ Storage (hrs.)____ Storage (hrs.)
__________________________________0_______48________ 0_______ 48________ 0_______ 48________ 0_______ 48
______________________________________  % Area __________________________________________
c10&
0.07 0.18 0.17 0.52
1.41 0.57 1.29 1.56
6.27 5.17 8.92 6.67
°14:l
13
16
1.14 0.53 1.03 0.92
1.38 0.51 1.37 1.19
19.26 23.39 32.24 26.47
c16:1 1.31 0.85 0.67 0.64
C17 Trace 0.01 0.11 0.04
c17:l 0.17 0.03 0.09 0.09
^18 14.15 13.10 11.94 10.91n
18*1 36.22 34.84 31.00 27.81J. • -L 
pl8:2
pl8:3 
c20u
7.15 7.11 2.95 3.98
1.44 1.42 0.48 0.51
0.09 0.34 0.34 0.34
0.68 Trace - 1.04
Xob
X3b
0.74
0.66
0.54
0.48
~ 2.11
3.10
C 22 2.88 2.84 0.89 5.8541
c24
3.50 4.11 3.41 4.24
1.47 3.97 3.07 2.04
0.12 0.18 0.59 .11 0.85 0.23
0.44 0.49 1.56 1.59 1.16 0.77
3.54 4.40 8.80 10.54 7.11 7.22
0.30 0.29 1.57 2.50 0.69 0.23
0.80 0.84 1.23 1.45 0.79 0.60
18.14 29.55 31.76 31.43 25.02 32.64
0.37 1.39 1.84 2.00 1.13 0.61
0.17 0.08 0.48 Trace 0.10 0.08
0.02 0.08 0.23 0.03 0.16 0.14
9.13 9.60 10.21 11.13 10.65 9.54
45.46 28.70 31.50 28.67 31.45 29.33
5.95 7.91 4.25 4.48 6.49 6.01
1.24 1.33 1.04 0.96 1.78 1.01
0.47 0.46 0.26 0.51 0.10 0.12
0.49 0.72 - - 0.29 0.35
0.80 1.17 0.40 0.29 0.54 0.52
0.90 1.36 0.40 0.09 0.86 0.95
3.20 3.89 1.31 0.99 3.23 3.07
4.88 4.07 1.77 2.04 3.92 3.63
3.59 3.49 0.93 1.33 3.67 2.94
g
Phospholipids extracted from 15, 30, 60, and 120 seconds agitated samples were mixed and analyzed
for its fatty acids composition.
^Unknown peaks.
Appendix Table 12. Common fatty acids in milk, cream and skimmilk phospholipids in late stage of
lactation.
Non-agitated Milk Agitated3 Milk
Fatty Whole Cream Skimmilk Cream Skimmilk
Acids Milk Storage (hrs.) Storage (hrs.) Storage (hrs.) Storage (hrs.)00o00o 0 48 0 48
% Area
C 10
Cl2 0.50 0.59
0.05
0.94 1.56 0.28 0.20
0.03
3.66
0.01
1.21
0.05
1.48 0.30
C14 5.39 4.10 9.97 8.98 3.77 3.07 12.33 7.00 4.16 3.64
c14*l 0.16 0.07 0.13 0.04 0.03 0.02 0.36 0.09 0.03 0.03
C15 0.35 0.28 0.22 0.09 0.51 0.51 0.15 0.39 0.36 0.64
C16 24.55 32.83 28.95 26.59 20.93 18.22 33.50 26.01 18.31 20.36
c16:1 0.01 0.40 - Trace 0.10 0.01 0.09 0. 34 0.01 Trace
c17 - - - 0.01 Trace 0.03 - - Trace 0.03
c17:l - - 0.08 0.09 0.02 0.02 - - 0.07 0.06
C18 17.47 13.52 13.63 13.77 19.37 19.95 10.76 15.78 20.81 12.63
c18:1 35.61 33.44 31.21 33.40 30.58 32.48 30.90 38.58 31.92 33.82
C18:2 5.08 6.04 4.54 5.41 7.34 6.81 4.22 4.77 8.33 8.90
c18:3 1.38 1.74 2.38 0.81 1.49 1.35 1.25 1.46 1.13 2.30
c 20 0.14 0.28 0.42 0.21 1.73 1.61 0.19 0.20 0.15 0.17
Xl?
- - - - 0.12 0.01 - - 0.29 -
x2b 0.67 0.11 - - 0.59 1.18 - - 0.40 0.28
X3b 0.58 0.07 - - 0.63 0.63 - - 0.71 0.06
c 22 2.42 2.13 2.11 2.19 3.47 3.57 0.55 1.64 3.74 5.68
c23 3.32 2.12 3.56 3.66 3.68 6.68 1.36 1.75 4.77 5.81
c24 2.36 2.23 1.80 3.17 5.34 3.64 0.73 0.75 3.25 5.28
aPhospholipids extracted from 15, 30, 60, and 120 seconds agitated samples were mixed and analyzed
for its fatty acids composition.
^Unknown peaks.
VITA
Chimanbhai V. Patel was born in Bhavsor, Gujarat, India on 
March 26, 1936. He graduated from Z.V.R. High School, Vijapur, 
Gujarat, India in 1954, then entered Bansilal Amritlal College of 
Agriculture and received his B.S. degree in Agriculture from Sardar 
Vallabhbhai Vidyapeeth, Anand, Gujarat, India in 1959.
He has worked as an Agricultural Supervisor in the State 
Department of Agriculture in India from 1959 to 1961 during which 
period he has also served as an instructor in the Government 
Agricultural School, Baroda, Gujarat, India. During this period 
he was teaching basic courses in Crops, Dairy Farm Operations, 
Veterinary Science, and Food Preservation.
In September, 1961, he entered U. S. and initiated graduate 
work at Oklahoma State University, and received his M.S. degree 
with a major in Dairy Technology in 1963. He then entered the 
Graduate School of Louisiana State University for further graduate 
work. He has majored in the area of Dairy Technology and Food 
Science.
He is now a candidate for the degree of Doctor of Philosophy 
in January, 1967.
88
EXAMINATION AND THESIS REPORT
Candidate: Chimanbhai V. P a te l
Major Field: Dairy S cience
Title of Thesis: R elation sh ip  o f  Phospholip ids to  Enzymatic H ydrolysis o f  Milk Fat
Approved:
Major Professor and Chairman
Dean of the Graduate School
EXAMINING COMMITTEE:
/Cl . 3-.
Date of Examination: August 5, 1966
